Various epidemiological studies have shown an inverse association between the consumption of polyphenols or polyphenol-rich foods and the risk of neurodegenerative, hepatic diseases. The research aimed to fight oxidative stress and lipid metabolism changes in the context of administration of antioxidants, such as polyphenolic extract of Aronia melanocarpa and zinc aspartate, known for its neurotrophic effects in intrinsic aging processes. Zinc aspartate and polyphenolic extract from Aronia melanocarpa reduce oxidative stress values both in serum, liver homogenate, and in brain homogenate. Oxidative stress assessed by malondialdehyde (MDA), glutathione peroxidase (GPx) and total antioxidant capacity (TAC) markers was reduced in animals receiving additional zinc salts and polyphenolic extract of Aronia melanocarpa, which underlines their role in antioxidant defense. This combination produces more superior hypolipidemic and antioxidant effects than in the case of separate administration within experimental senescence induced in the murine model. Further studies will investigate the effect of different dose combinations of zinc aspartate and polyphenolic extract of Aronia melanocarpa at different periods of treatments on age-associated liver/cerebral dysfunction.
Introduction
Early identification of senescence and neurodegenerative diseases markers or susceptibility for their existence, carried out in order to implement actions targeted at prevention has been a priority for medical research. Oxidative stress is proposed as a key element in the aging process [1] , when vulnerability to oxidative stress and inflammation increases. Furthermore, oxidant and antioxidant status may also cause the degenerative changes encountered in aging. Most dietary agents used to alter behavioral and neuronal effects with aging included nutritional supplements such as vitamins C and E, garlic [2] , herbal supplements (e.g. ginseng, Ginkgo biloba) [3] , and dietary fatty acids [4] .
The turnover of zinc (Zn) in the brain is slower than that in the liver and in other peripheral tissues, and this is due to the presence of blood-brain barrier. This system of barriers is important for Zn homeostasis in the brain and its alteration may be associated with brain dysfunctions and neurological diseases [5] [6] . The natural polyphenolic compound resveratrol (3,5,4'-trihydroxystilbene) has emerged as a still-debatable mediator of longevity that certainly delays or attenuates many age-related chronic diseases in animal models [7] - [10] . It is important to describe the possible role of nutritional supplementation with fruits containing large amounts of polyphenols, such as anthocyanins, in reversing or forestalling senescence deficits.
The research aimed to fight oxidative stress and lipid metabolism changes in the context of administration of antioxidants, such as polyphenolic extract of Aronia melanocarpa and Zn aspartate, known for its neurotrophic effects in intrinsic aging processes.
Material and Method
The experimental study fulfils all the requirements of the guide regarding the use of laboratory animals and biological preparations issued by the International Society of Pain Study (IASP) and the European Council Committee (86/609/EEC). Also, the study was evaluated and accepted by the professional ethics committee of Grigore T. Popa University of Medicine and Pharmacy of Iasi (9803/12.09.2006).
The experimental model on white Wistar rats of different ages aimed to perform an analysis of some biochemical parameters under chronological age standardized conditions. The research was carried out on Wistar white male rats, aged 30 months at the beginning of the study, weighing 250 -280 g on the average, which were divided into 4 groups of 12, namely: Group Zn-white rats, Wistar rats, aged, who were administered Zn aspartate 0.070 g/kg body weight, p.o. (by tube feeding) for 16 weeks; Group A-Wistar white rats, aged, who were administered an A. melanocarpa polyphenolic extract 0.050 g/kg body weight p.o. (by tube feeding) every two days for 16 weeks; the dry polyphenol extract was diluted in DMSO, 100 mL polyphenolic solution containing 840 mg natural polyphenols, 95 mL distilled water and 5 mL DMSO; Group Zn + A-Wistar white rats, aged, simultaneous administration of Zn and polyphenolic extract in specified doses for 16 weeks; Group W, control rats-Wistar white rats, males aged 30 months, treated with saline vehicle for 16 weeks.
Animals were sacrificed 4 months later by anesthesia with thiopental, in a dose of 1 ml/100g out of 0.01% thiopental solution. After anesthetizing the animal with thiopental, the ribcage was opened and heart punctured to collect blood. After the disappearance of vital signs (breathing, heartbeat), fragments of organs for biochemical tests were collected: fragments of rat liver and brain, for liver and brain homogenates. The liver and brain were washed in ice-cold saline, blotted dry, weighed and homogenized in ice-cold physiological saline. Liver and brain homogenates were divided into portions and stored at −70˚C until analyzed.
The malondialdehyde (MDA) concentration-the index of lipid peroxidation-was determined by the Ohkawa method using the tiobarbituric acid [11] . The MDA concentration was expressed in nmol/mL.
Glutathione peroxidase (GSH-Px) (H 2 O 2 : GSH oxidoreductase) was determined by the Gross and Beutler method [12] ; the GSH-Px activity was expressed in µM oxidized GSH per minute/g Hb or mg protein.
For the extracellular response the total antioxidant capacity (TAC) was determined by using a RANDOX kit for manual use by Randox Laboratories Ltd. The major advantage of this test is to measure the antioxidant capacity of all antioxidants in a biological sample and not just the antioxidant capacity of a single compound. The method is based on formation of the ABTS
•+ cation [2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)] and its scavenging by antioxidant sample constituents (e.g., serum or food) measured by spectrophotometry (decay of green/blue chromophore absorbance is inversely associated with antioxidant sample content and the control antioxidant is Trolox, a hydrophilic vitamin E analog).
Serum total cholesterol, HDL-cholesterol and triglycerides were measured by enzymatic colorimetric me-thods on a TECAN micro plate reader by commercially available kits (Audit Diagnostics Ireland). Non-HDL cholesterol was calculated by subtracting HDL cholesterol from total cholesterol. LDL and VLDL calculation. Low density lipoproteins (LDL and VLDL) and Chylomicrons are precipitated by PEG 6000 buffer. Statistical data interpretation. All the data are shown as mean value ± standard error of the mean. Data were loaded and processed using statistical functions of EPIINFO 6.0, SPSS 13.0 and EXCEL. ANOVA and paired or unpaired t-test reveal the pairs of groups that differ in a biostatistical significant way in terms of means. Statistical data interpretation considered the corresponding differences for a given significance threshold: p > 0.05 statistically insignificant; p < 0.05 statistically significant; p < 0.01 strong statistical significance; p < 0.001 very strong statistical significance.
Results
Applying the ANOVA test to the series of values recorded for serum cholesterol, the following aspects were reported: the variance rate is within wide limits, ranging from 8.07% in group Zn + A to 22.65% in group W; the most homogeneous values were recorded in group Zn + A (Figure 1) . By applying the Student t-test to mean values of serum cholesterol comparatively by lots, no statistically significant differences were recorded in the study groups (p > 0.005).
In all study groups, mean values of HDL-cholesterol (HDL-chol) are significantly lower than in W group (p < 0.001). In serum, HDL-chol mean values ranged from 23.96 and 41.89 mg/dl and significantly higher average values were found in W group compared to other study groups (p < 0.001) ( Table 1) .
In all study groups, mean values of LDL-cholesterol (LDL-chol) are significantly lower than in group W (p < 0.001). In serum, mean values of LDL-cholranged between 71.59 and 74.46 mg/dl without showing significant differences between the study groups (p > 0.05) ( Table 2) . Zn, A and Zn + A do not significantly alter the values of LDLc in serum. (Figure 2 ). There are no statistically significant differences between groups Zn, A and Zn + A.
Malondialdehyde (MDA) was investigated in the 4 groups in serum, liver and brain homogenates (Figure 3) . Applying the Student t-test to mean values of MDA comparatively by study groups, the following aspects were reported: after administration of A and Zn, serum MDA mean values were significantly lower in Zn groups (p < 0.001), A (p < 0.001) and Zn + A (p < 0.001) compared to group W. The strongest effect of reducing the level of oxidative stress in serum is associated with Zn group, compared to group W ( Table 3) . In liver homogenate, the mean values of MDA are significantly lower in rats in group Zn (p < 0.001) and Zn + A (p < 0.001) compared to group W. The highest values of MDA in brain homogenate were recorded in W group, significantly higher compared to groups Zn and Zn + A (p < 0.001) ( Table 4 ). Glutathione peroxidase (GPx) was investigated in whole blood, plasma, liver and brain homogenates. Applying the ANOVA test to the series of values recorded for GPx, the following aspects were reported: mean values of GPx in whole blood and plasma were significantly lower (p < 0.001) in groups A, Zn şi Zn + A compared to group W ( Table 5) ; mean values of GPx from liver ( Table 6 ) and brain homogenates ( Table 7) were also significantly lower (p < 0.001) in groups treated with A, Zn and Zn + A, compared to group W.
Total Antioxidant Capacity (TAC) was studied for the4 groups in serum and liver homogenate ( Table 8) . Applying Student t-test average values of TAC, comparatively by study groups, showed the following aspects: in serum, the lowest mean value was recorded in group W (p < 0.05), and the highest mean value in group A (p < 0.002), statistically significant differences; in liver homogenate, mean values of TAC in Zn group were significantly higher than in other groups (p < 0.001), the lowest means were recorded in group A, significantly lower than in Zn and Zn + A (p < 0.001). The mean values of the TAC were increased in groups treated with A and Zn + A, compared to group W. In the same group, comparing the mean values of TAC by origin of collected product, we observed that in serum these were significantly higher (p < 0.001) compared to liver homogenate.
Discussion
The experiment aimed to investigate the influence of potential protective factors under conditions of senescence. The in vivo effect of natural polyphenols and Zn aspartate was studied. Five phenolic compounds have been detected in berries ethanolic extract: chlorogenic acid, kuromanin, rutin, hyperoside and quercetin [13] . By evaluating serum lipids in aged rats treated with Zn and A, an extremely strong effect of TG reduction by individual substances and by the association with Zn + A was observed. Lipoprotein abnormalities favoring dyslipidemia in senescence consist of the increase of the level of TG by means of increasing VLDL and LDL-chol and by decreasing HDL-chol due to increased HDL catabolism. Moreover, in the experiment described no effect of Aronia melanocarpa extract on elevated total cholesterol was observed.
The experimental results show that Zn, A and Zn + A reduce HDL-chol. The results of this study are consistent with data found in literature [14] [15] . The fraction of HDL protects against the development of atherosclerosis due to its action upon reverse cholesterol transportation and inhibition of the process of LDL oxidation [16] [17]. HDL-col protects vascular tissue against the appearance of endothelial dysfunction and subsequently against the formation of atherosclerotic plaque.
In a combined therapy, chokeberry extracts were given as supplements with the diet of patients after myocardial infarction, as an addition to the statin treatment. Compared to the control group, treated only with statins, patients receiving additional Aronia extract for 6 weeks had significantly lower LDL-chol oxidation status as well as reduced levels of serum 8-isoprostanes and increased adiponectin levels, which indicate diminished oxidative stress and reduced endothelial inflammation [18] .
In our study, we observed a decrease in HDL-chol levels by administering Aronia melanocarpa in relation to control group, suggesting a decreased ability of transporting cholesterol from vascular tissue to liver, in this context, consistent with the observations in other studies [19] - [21] . Due to the fact that lipogenesis appears as a major abnormality of hepatic fatty metabolism, hepatic lipogenesis is thought to contribute to metabolic disease. De novo lipogenesis is present in human liver and predicts metabolic health. This is why it is important to determine the lipoprotein modifications in the hepatic homogenate used within the experimental model.
The average values of total cholesterol are the lowest in rats treated with Zn, both in serum, liver homogenate, and in brain homogenate. We studied brain homogenate because lipoproteins in the brain are mostly made in the brain. Neurons and astrocytes coordinate lipoprotein metabolism in the brain and lipoprotein composition in the brain is different from that in the circulation.The effects of Aronia melanocarpa are lower compared to Zn and the association of Zn + A has no cumulative effects. Understanding mechanisms by which triglyceride-rich lipoproteins (VLDL) activate certain transcription factors opens new perspectives to prevention and treatment of dyslipidemia and endothelial inflammation, major risk factors for endothelial dysfunction and, consequently, for neuronal functions [22] [23] .
Data from literature reported an increased activity of antioxidant enzymes, superoxide dismutase (SOD) and hepatic GSH reductase suggesting a possible compensatory reaction by increasing antioxidant protection as a response to increased oxidative stress [24] - [26] . Lipid peroxidation has an important role in tissue injury. MDA is the most abundant aldehyde resulting from lipid peroxidation. As a general rule, tissue levels of free radicals, lipid peroxidation products, and antioxidants show important changes from one tissue to another with increasing age [27] . Results show that the association of A with Zn significantly reduces lipid peroxidation level, MDA values in liver and brain homogenates, respectively, less in serum. These results support the hypothesis that lipid peroxidation is one of the most harmful effects of oxidative stress, and it increases substantially in the liver being also reflected in blood.
Endogenous antioxidants such as non-enzymatic scavenger glutathione (GSH) and antioxidant enzymes such as SOD, GPx, and catalase (CAT) are the first line of defense and act by scavenging potentially damaging free radical moieties [1] . Under conditions of senescence, enzymatic markers of oxidative stress (CAT, SOD, GPx, and MDA) are augmented in serum [28] .
In the current study, a significant reduction in liver GPx activity was evident in Zn + A group, both in liver and cerebral homogenates. A and Zn reduce the levels of GPx of plasma, liver and brain homogenates compared to control group. Zn can reduce oxidative stress by binding to SH groups they protect. Zn is also a structural part of superoxide dismutase, and CuSOD and ZnSOD are cytosol antioxidants [5] . This study demonstrates that the hepatoprotective effect of Zn, could be mainly attributed to its antioxidant action. Nevertheless, experimental results strongly suggest that the maintenance of an appropriate antioxidant/pro-oxidant balance does have an important role in maintaining health in the aging animal [29] [30] .
The molecular mechanisms of the development of oxidative stress can be different in different tissues. In neuronal tissue, this process can be related to metabolism of excitotoxic compounds regulating ROS production within the neurons as well as with the shift in the functional activity of a number of proteins (for example, with activation of NMDA or monoamine oxidase B) and decreased defense provided by enzymatic and nonenzymatic antioxidants [31] [32] .
Aronia melanocarpa, Zn and Zn + A do not change statistically significantly TAC in serum. On the other hand, Zn alone has no statistically significant effect on TAC in liver homogenate. The association of Zn + A increases significantly TAC compared to group W in liver homogenate, and A increases significantly TAC compared to group W in serum. The results of this study suggest that exogenous antioxidants may delay the aging process of tissues by means of its free radical scavenging effects, and might have a potential role for the retardation of age-related oxidative events [33] .
The comparison of the effect of Zn and polyphenolic extract on age-induced liver/cerebral damage revealed that either substances may be beneficial, in spite of a mechanistic difference in the antioxidant effect of both of them. Oxidative stress assessed by MDA, GPx and TAC markers was reduced in animals receiving additional Zn salts and polyphenolic extract of Aronia melanocarpa, which underlines their role in antioxidant defense. The paper tries to transfer knowledge and results of fundamental research to applied medicine, given the growing interest for ways to reduce morbidity and mortality caused by vascular diseases and degenerative CNS by means of food supplements.
Conclusion
By reducing oxidative stress, diet supplementation with natural polyphenols and/or soluble salts of zinc, the ageing status in Wistar rats improves. Furthermore, administration of the two substances from different classes has a lipid-lowering effect, underlining the improvement of prevention strategies and senescence. Further studies will investigate the effect of different dose combinations of zinc aspartate and polyphenolic extract of Aronia melanocarpa at different periods of treatments on age-associated liver/cerebral dysfunction. This investigation into dose combinations will provide a balance of health benefits, primarily due to their antioxidant activity.
